ABSTRACT Juvenlle white mullet Mug11 curema a n d juvenile strlped mullet Mugd cephalus actlvely lngested marine snow In the laboratory Thls IS the flrst expenmental venflcatlon of the consumptlon of manne snow by a vertebrate The stomach contents of fish fed manne snow In the laboratory were compared to flsh collected from the Charleston Harbor estuary, South Carollna USA and the coastal Atlantlc Ocean Results suggest that juvenile mullet consume m a n n e snow In the natural environment In food cholce experiments in whlch mullet were offered a choice between manne snow and zooplankton (Artemia sp ), consumptlon of manne snow was Inversely related to zooplankton concentrations Mullet ass~mllated organlc matter and total a m n o a c~d s from m a n n e snow wlth efficlencies of 49 2 and 55 8 % respectively These efficiencies are comparable to those of flsh feedlng on benthic detntus The contnbution of manne snow to the growth of juvende mullet was tested in growth experiments by feeding mullet different combinations of m a n n e snow and zooplankton (Artemia s p ) Mullet d~d not exhlbit positive growth on a d~e t of marlne snow (speclhc growth rate = -1 34 % d ') M a n n e snow contributed to the diet of mullet by slowing welght loss (by 5 0 % ) especially when con~plemented wlth zooplankton (an additional 5 0 % )
INTRODUCTION
Marine snow, naturally occurring macroscopic aggregates of suspended particles, is a nearly universal component of the suspended matter in the ocean , Alldredge & Silver 1988 . In an estuary and near-shore waters, marine snow consists of detritus, mineral grains, phytoplankton, and microorganisms bound loosely in a mucous matrix (Eisma 1986 , Shanks & Edmondson 1990 . Macroaggregates of marine snow range in size from half a millimeter up to several centimeters in diameter (Alldredge & Silver 1988) . Marine snow is nearly always present in coastal and estuarine environments, with concentrations reaching hundreds of aggregates per liter (Shanks & Edmondson 1990) . ' Although researchers have speculated that marine fauna may consume marine snow , Alldredge & Silver 1988 , Banse 1990 , there has been little direct investigation of the consumption of marine snow and no study has been undertaken to investigate consumption of marine snow by fishes. Because approximately 83% of the nematodes in the water column were on marine snow, Shanks & Edmondson (1990) suggested that nematodes could be used as a biological tracer of marine snow in an organism's diet. Lewis & Peters (1984) found that the frequency of holoplanktonic zooplankton and nematodes in the diet of juvenile menhaden was the same, yet zooplankton were far more abundant than nematodes in the water column (Shanks & Edmondson 1990 ). This observation, coupled with the concentrations of nematodes on marine snow, suggested that juvenile menhaden may have been feeding on marine snow.
Flocculation of microparticles into macroaggregates could increase potential consumption of this material by a wider range of organisms. Previous s t u h e s on filter-feeding fishes have shown that as food particle size increases feeding efficiency also increases (Wright et al. 1983 , Friedland et al. 1984 . McIntyre (1983) found that gizzard shad Dorosoma cepedianum collected 24 times more food from tanks in which algal flocculation was induced by adding clay particles to the water, as compared to tanks without flocculation. Aggregation of particles, therefore, can increase the feeding efficiency of filter-feeding fish.
The purpose of this study was to examine consumption of marine snow by juveniles of 2 teleost species, the white mullet Mugil curema and the striped mullet Mugil cephalus. Mullet are very flexible in their feeding habits with possible ontogenetic shifts in diet occurring with the transition from post-larva to adult. The occurrence of detritivory in adult mullet is well documented (Thomson 1954 , Odum 1968a , Moriarity 1976 . Little consensus exists on the food of juvenile mullet, however. They have been reported to feed on detritus (Thomson 1954 , Ching 1977 , algae (Odum 196813, De Silva & Wijeyaratne 1977) , and zooplankton (Lasiak & McLachlan 1987 , Pisarevskaya & Aksenova 1991 . Several authors report that young mullet are planktivorous and switch to detritivory as they increase in size (De Silva & Wijeyaratne 1977 , Romer & McLachl.an 1986 , Pisarevskaya & Aksenova 1991 . Due to the flexible nature of their diet, and the fact that juveniles would encounter marine snow in the wild, mullet were selected to investigate the potential of marine snow as food for marine and estuarine fishes. Previous experiments with omnivorous fishes other than mullet have shown that invertebrates were preferred over detritus (Ahlgren 1990a). These factors prompted us to include zooplankton as a factor in the study. The primary objectives of this study were: (1) to determine ~f juvenile mullet consume marine snow; (2) to determine if juvenile mullet prefer marine snow over zooplankton; (3) to determine the ability of marine snow to promote growth in juvenile mullet; and (4) to determine the ability of juvenile mullet to assimilate nutrients from marine snow.
MATERIALS AND METHODS

Fish collection and holding. Juvenile white mullet
Mugil curema (25 to 40 mm standard length, SL) were collected between May and July 1992 by seining a tidal creek on Bull Island, South Carolina, USA. Fish were transported to the Grice Marine Biological Laboratory (GMBL) and held in a recirculating seawater system where they were maintained on a mixed diet of Artemia larvae and commercial herbivore flake food that had been ground in a mortar and pestle. Fish were held for 3 to 14 d before being used in experiments.
Juvenile striped mullet Mugil cephalus (20 to 40 mm SL) were obtained In October 1992 from the Oceanic Institute, Honolulu, Hawaii, USA. They were produced by induced spawning of adult mullet caught in Kaneohe Bay, HI. They were kept in a manner similar to that described for the white mullet.
Laboratory formation of marine snow. Laboratorymade artificial marine snow was generated following the methods of Shanks & Edmondson (1989) . Cylindrical tanks (20 cm diameter X 10 cm deep, 3 1 vol) of unfiltered seawater from Charleston Harbor estuary, South Carolina. USA, were rotated on a roller table until particles in the seawater formed aggregates. A previous study demonstrated that these artificial aggregates have the same composition as natural marine snow (Shanks & Edmondson 1989) .
To verify consumption of marine snow by mullet, a tracer [ l pm diameter fluorescent latex microspheres (Polysciences, Inc., Warrington, PA)] was incorporated into laboratory-made marine snow. The beads were coated with protein (powdered milk solution, 3 % w/v), which maximized incorporation. The beads were diluted 1:1 X 106 with unfiltered seawater Preliminary experiments were conducted to test the feasibility of these microspheres as tracer for the marine snow. At this dilution, 96'16 of the beads were incorporated lnto marine snow (n = 4, SE = 1.2 X).
Food choice experiments. Artemia sp. larvae were used as the experimental zooplankter. It was hypothesized that the consumption of Artemia would be directly related to Artemia concentration and that consumption of marine snow would be inversely related to Artemia concentration. Artemia were cultured from eggs for 96 h at 21°C. Unhatched eggs were separated from the Artemia by rinsing with seawater through a 300 pm sieve. Marine snow was made as described previously, and Artemia added to the tanks before marine snow formation. Initial experiments were conducted to determine if Artemia associated with marine snow. Only 0.8% of the Artemia associated with the marine snow (n = 4, SE = 0.3%).
Tanks were filled wlth unfiltered seawater, an aliquot of fluorescent microspheres, and one of the following concentrations of Artemia: 120, 60, 30, and 0 I-'. To allow for proper marine snow formation, the tanks were rolled for 6 h, 1 fish was placed in each tank and the tanks returned to the roller table. Tanks contained more marine snow than could be consumed in the experimental feeding period. The mullet were observed w h~l e they fed in the roller tanks, and their behaviors qualitatively described using previously published classifications of feeding behaviors (Leong & O'Connell 1969 , Johnson & Vinyard 1987 . Fish were allowed to feed for 1 h and, at the end of this feeding period, they were anesthetized with MS222. The abdomens were slit from operculum to anus and the fish were flxed in 10Y0 formalin.
Gut content analyses were performed by dissecting stomachs from the fish and sorting the contents.
Artemia were separated from the marine snow and counted. Marine snow was placed in a microcentrifuge tube, suspended in 1 m1 distilled water and sonicated in a bath sonicator for 20 min to break up any intact aggregates. The sample was vortexed. A 20 p1 aliquot was removed from the center of the tube, placed on a glass slide and examined under a microscope using epifluoi-escence. The number of fluorescent microspheres in the sample was counted and used to determine the amount of marine snow consumed using the conversion factors detailed below.
Conversion factors. In order to convert the results of stomach content analysis into units that could be compared to each other, ash-free dry mass (AFDM) conversion factors were determined. Ten replicate samples of 100 Artemia, and 5 replicate samples of 100 aggregates were collected from rolling tanks using a syringe (Shanks & Edmondson 1989) and dried overnight at 105°C in pre-ashed aluminum pans. Replicates were taken on different days to account for day-to-day variation in marine snow (Shanks & Edmondson 1989) . Samples were cooled in a dessicator, weighed to the nearest 0.01 mg, ashed in a muffle furnace for 1 h at 550°C, cooled and reweighed. To estimate the average number of beads in each aggregate, 15 additional aggregates were removed from the same tanks as the 100 aggregates used to calculate dry mass and AFDM, and the beads counted as described previously. The number and size of aggregates were determined by projecting enlarged photographs of marine snow in the roller tanks onto a d~gitizing pad (Shanks & Edmondson 1989) . The AFDM as a percentage of the dry mass was 93 % (n = 10, SE = 1.47 %) for Artemja and 30% (n = 5, SE = Growth experiments. Feeding experiments were conducted to determine the ability of marine snow and other foods to produce growth in mullet. Five different treatments were used: (1) unlimited zooplankton (3000 to 5000 Artemia I-'); (2) unlimited marine snow + limited zooplankton (60 Artemia 1 -l ) ; (3) limited zooplankton (60 Artemia 1 -l ) ; (4) unlimited marine snow; and (5) unfed. An unlimited treatment was defined as containing more Artemia or marine snow than a fish could consume in a 24 h period. The concentration of Arten~ia used in the limited zooplankton treatment was s~milar to average copepod concentrations in southeastern estuarine waters (Fulton 1984) . TWO treatments (2 and 4) had marine snow made from unfiltered seawater. To prevent marine snow from forming in treatments without marine snow (1, 3 and 5), seawater was filtered through 25 pm and 1 pm filter bags before filling roller tanks. This removed part~cles and no marine snow formed when the tanks were rolled. It was hypothes~zed that fish would exhibit the best growth on a diet of unlimited Artemia. This diet does not reflect the natural environment, however. We hypothesized that the next best growth would be observed on a more natural mixed diet of unlimited marine snow and limited
Artemia.
Fish were maintained on a 14 h light: 10 h dark photoperiod, and water temperature was maintained at 21°C t 2°C for white mullet and 24°C * 2°C for striped mullet. Once a day, water was carefully siphoned off and replaced with fresh filtered or unfiltered seawater depending on treatment. At this time new Artemia were also added. Salinities remained between 28 and 32 PSU (practical salinity units). The oxygen concentrations in these tanks did not drop below the normal range of estuarine waters.
Fish we]-e weighed on Days 1 and 14. Individuals were held in a net for 10 s to remove excess water and then placed in a beaker containing 100 m1 of seawater tared to zero on a top loading balance. Weight was read to the nearest 0.01 g. Preliminary experiments were performed to insure the high repeatability of this method (n = 10, SE = 0.02 g). After 14 d the experiment was stopped. The specific growth rate (SGR) was calculated using the following equation (Ricker 1979): where W1 is the initial weight, W2 is the final weight, and t is the number of days in the experiment.
Laboratory assimilation experiments. Assimilation efficiencies of striped mullet fed laboratory-made marine snow were determined. Five replicate groups of 40 fish were placed 2 fish per tank and rolled on the roller table. Fish in these tanks were acclimated to feeding on marine snow for 24 h. Fish were removed for 6 h while water was replaced with fresh unfiltered seawater and new marine snow formed. After the formation of new marine snow, the fish were returned to the tanks and were allowed to feed for 3 to 4 h and then anesthet~zed. The digestive tract was excised and the foregut and hindgut separated.
The foregut was defined as the anterior '4 of the gut, comprising the stomach and the esophagus. The hindgut was defined as the posterior '4 of the gut.
In order to have enough material for the chemical analyses, the contents of the foreguts and hindguts of each group of 40 fish were pooled in pre-ashed and weighed foil pans. The samples were dried overnight at llO°C.
Organic content of the foregut samples and hindgut samples was determined by burning off the organic matter at 550°C for 1 h to obtain AFDM. Hydrolysisresistant organic matter (HROM), primarily cellulose and chitin, was measured using the method of Buddington (1980) . Assimilation efficiency (%AE = the amount of nutnent removed from the digestive tract expressed as a percentage of the amount ingested) was calculated by Conover's (1966) indigenous dietary marker technique. HROM was used as the indigenous undigested dietary marker. Assimilation was calculated by comparing the organic (nutrient) and HROM (indigestible marker) content of the foregut to the organic and HROM content of the hindgut using the following equation (modified from Conover 1966):
where Nf and Nh are the concentrations of nutrient in the foregut and hindgut, respectively, and M, and Mh are the concentrations of indigestible marker in the foregut and hindgut, respectively.
Assimilation of amino acids was also determined. Total amino acid concentration in the foregut and hindgut was determined via peptide detection (Allen 1981) . Ninhydrin was used to give a color change, and absorbances were read in a spectrophotometer at 570 nm using a 1 cm path length cell. To estimate total amino acid content, a standard curve was obtained using bovine serum albumin against which the samples were compared. Assimilation efficiency for total amino acids was calculated using the equation above, with amino acids as the nutrient and HROM as the indigestible marker.
Field comparisons. To determine whether mullet are consuming marine snow in their natural environment, the stomach contents of fish fed marine snow in the lab were compared to the stomach contents of field caught fish. Field specimens were obtained from the reference collections of the South Carolina Wildlife and Marine Resource Division (Wenner et al. 1979 , Wenner et al. 1982 . Three sets of 10 fish each were examined: (1) Mugil curerna from offshore waters; (2) M. cephalus from offshore waters; and (3) M. cephalus from the Charleston Harbor estuary. All specimens were preserved in 10% formalin. Offshore samples were collected using a neuston net and estuarine samples were collected using a Cobb trawl. Stomach contents were removed, spread on a Sedgewick Rafter slide, and examined qualitatively using a compound microscope. Stomachs of mullet fed marine snow in the laboratory were used for comparison.
RESULTS
Food choice experiments
The amount of marine snow consumed by both species of mullet was inversely related to the concentration of Artemia in the treatment (Figs. 1 & 2) , while the amount of Artemia consumed by both species was directly related to Artemia concentrations (Figs. 3 K 4) . Even at the highest Artemia concentration, however, the juvenile mullet continued to consume marine snow Table 1 ). In the tanks without Artemia both species of mullet consumed more than 20 aggregates h-' (Table 1) . Mullet were observed to ingest both marine snow and Artemia. Mullet fed using 2 different methods, biting and pump-filtering. Juvenile mullet appeared to use pump-filtering when feeding on marine snow. A burst of tail strokes (approximately 4 to 6) was followed by a short glide. During the entire motion, the fish pumped water with its jaws and buccal cavity. This action usually occurred as the fish swam into a patch of marine snow, and aggregates were seen being sucked into the mouth. When feeding on Artemia, mullet were biting. During biting, the fish employed a shorter swimming burst (usually 2 or 3 tail beats) followed by a very short glide in which the mullet quickly opened and closed its mouth once in a bite around a prey item. If there were many zooplankters present, this was quickly followed by another feeding burst. With lower zooplankton concentrations, the mullet paused to locate a second prey before it performed another feeding burst. The filtering method was much more rhythmic and regular than biting which seemed erratic. During biting, fish turned much more frequently to attack prey. During filtering, fish swam more slowly and turned less frequently. Fish generally fed in mid-water but were occasionally observed feeding on the bottom or sides of the tank. 
Growth experiments
The 5 different experimental diets produced significantly different growth in juvenile white mullet (Kruskal-Walhs test, p c 0.0005) The combination of llmited Artemia and unlimited marine snow resulted in weight loss at approximately half the rate of fish that received only Artemia or only marine snow. Fish in both the latter treatments lost weight at half the rate of unfed fish ( Table 2 ) .
As expected, the fish fed on unlimited Artemia gained weight, and the unfed fish exhibited severe weight loss (Table 2) . The difference in growth between the 5 groups of striped mullet was highly significant (ANOVA, p < 0.0001). With the StudentNewman-Keuls test, unfed fish and those receiving unlimited invertebrates were significantly different from the other 3 groups: marine snow alone; llmited Artemia + marine snow; and Artemia alone. These 3 treatments did not produce positive growth. The combination of limited Artemia and unlimited marine snow produced weight loss at approximately half the rate In fish receiving only Artemia or only marine snow; fish in both these treatments lost weight at half the rate of .unfed fish.
Laboratory assimilation experiments
Juvenile striped mullet assimilated 4 9 . 2 % (SE = 14.2 %, n = 5) of the organic matter contained in marine snow. Total amino acids were assimilated by juvenile striped mullet with an efficiency of 55.8 % (SE = 11.6%, n = 5). Using marine snow from pooled foregut contents, marine snow made in the laboratory and consumed by these fish appeared to contain approximately 33.7% (SE = 9.9%, n = 5) organic material, 4.2% (SE = 0 . 6 % , n = 5) amino acids, and 2 . 5 % (SE = 0.6%, n = 5) HROM.
Field comparisons
The stomach contents of a mullet fed marine snow in the laboratory appear at first to contain a homogeneous mass of amorphous matter. Under closer inspection, the components can be identified as: detrital fragments, mineral grains, dlatoms and other phytoplankton, crustacean exoskeleton fragments, and sometimes whole invertebrates. The same components can be identified in the stomach contents of mullet collected from the field.
Of the white mullet (mean SL = 20.5 mm, n = 10) collected from offshore samples, 5 guts contained exoskeleton fragments, 4 contained exoskeleton fragments and amorphous material that may be marine snow, and 1 gut was empty. One of the guts containing exoskeleton fragments contained an intact copepod and a larval polychaete. Juvenile striped mullet (mean SL = 18.1 mm, n = 10) collected offshore yielded similar results. Eight stomachs contained exoskeleton fragments and amorphous material that appeared to be of detrital origin, and 2 of the stomachs contained amorphous detrital material alone.
The stomachs of juvenile striped mullet collected from the Charleston Harbor estuary (mean SL = 23.1 mm, n = 10) contained detrital material and some zooplankton. The 10 stomachs contained 59 harpacticoid copepods, 2 larval polychaetes and 1 nematode. Numerous exoskeleton fragments were also seen, and the volume of detritus was roughly equal to the volume of invertebrates.
DISCUSSION
This work is the first to demonstrate experimentally the consumption of marine snow by fishes. Juvenile mullet consumed between 3 and 24 aggregates h-' (Table 1) . In coastal waters, assuming a high aggregate abundance of 20 1-' , juvenile mullet could consume all of the marine snow in a liter in from 1 to 6 h. Within an estuary, where aggregate concentrations are often around 100 I-', juvenile mullet could consume all of the marine snow in a liter in about 5 to 30 h.
There is little published evidence for the consumption of marine snow by any metazoan. Alldredge (1976) presented field observations of the sergeant major Abudefduf saxatilis which suggested that they might have been feeding on larvacean houses, one source of marine snow. Gerber & Marshal1 (1974) provided evidence from stomach contents of copepods for the consumption of reef derived aggregates. Suh et al. (1991) suggest from the examination of gut contents that euphausid larvae were consuming aggregates. Bochdansky & Herndl(1992) experimentally tested the consumption of marine snow by planktonic crustaceans. They used methods similar to those used in this study to demonstrate the consumption of marine snow by copepods. Their methods differ from those used in this study in 3 ways: (1) copepods were offered normal laboratory-made marine snow as well as aggregated phytoplankton; (2) consumption was not quantified through the use of a marker, but rather by measuring plant pigment concentrations from the gut contents; and (3) tanks were allowed to roll for 3 d before copepods were introduced into the roller tanks. Two problems exist with these methods: (1) plant pigments are not a reliable way to quantify marine snow consumption because plant pigments contribute little to the total amount of material in marine snow and are also found in the surrounding water (Shanks & Edmondson 1989) ; and (2) because it is not yet known how the palatability of the marine snow changes with age, animals should be introduced into the roller tanks as soon after marine snow formation as possible. A period of 3 d is potentially too long to wait and may decrease the palatability of marine snow.
The fact that some species of fishes can consume marine snow may lead to several changes in the way we view oceanic trophic relationships. Fishes consuming marine snow are feeding on primary producers, consumers, degraders, and detritus; they are not feeding exclusively on primary consumers. By feeding at a lower trophic level, mullet may be more efficient at transferring energy and materials up the food web. Due to their feeding on aggregates, juvenile mullet can feed on extremely small particles (e.g. bacteria attached to particles). There is a minimum-sized particle that can be retained on the gill rakers of a species (Wright et al. 1983) . Therefore, there are size classes of plankton that should be too small for certain fish species to consume. Marine snow combines particles (especially smaller ones) of various sizes into larger aggregates. The juvenile mullet were feeding on particles that were both far smaller than size-based food web models would predict and smaller than one would predict based on the minimum-sized particle that can be retained on a mullet gill raker (Odum 1968a . Marais 1980 . Due to the aggregations of particles into marine snow, juvenile mullet were able to consume particles orders of magnitude smaller than predicted and exploit a food source previously thought to be unavailable.
Both species of mullet ingested marine snow in laboratory experiments, and the consumption of marine snow was inversely related to Artemia concentrations.
Although consumption of marine snow by fishes has not been previously reported, laboratory studies similar to this one have investigated consumption of detritus by freshwater fishes. Ahlgren (1990a) found that consumption of freshwater detritus by white suckers was inversely related to Artemia concentration. Field studies on the diets of fishes in their natural habitat where invertebrate concentrations vary seasonally have shown that when invertebrates were available in quantity they were the primary dietary component. In times of lower invertebrate abundance, however, detritus comprised a large part of the diet (LoweMcConnell 1964 , Prejs & Prejs 1987 , Ahlgren 1990a .
Striped mullet consumed much more total material when concentrations of Artemia were high (Table 1) . Therefore, striped mullet appeared to feed much more vigorously on Artemia than on marine snow. There could be several explanations for this behavior. Certain amino acids are known to stimulate feeding behavior in fishes (Carr 1976 , Goh & Tamura 1980 . Detritus usually contains low levels of amino acids (Bowen 1987) and, like other detritus, marine snow was also low in amino acid content. Artemia may elicit a stronger feeding response due to their higher amino acid content.
Visual cues might be important in the initiation o! feeding. Juvenile striped mullet appear to bite Artemia and filter marine snotv. In previous studies that have compared the relationship between filter and particulate feeding (Johnson & Vinyard 1987 , Ehlinger 1989 , particulate feeding is a result of active visual selection, whereas filter feeding is not. If mullet are foraging primarily on the basis of visual cues, zooplankton that move by fast jerky movements will produce more visual cues than marine snow and could stimulate increased feeding.
Although consumption of marine snow did not produce positive growth in juvenile mullet, it contributed to the diet of the mullet by slowing weight loss, especially when complemented with Artemia. Other studies have shown that detritus alone will not produce positive growth in omnivorous fishes (Prinslow et al. 1974 , Mundahl & Wissing 1987 , Ahlgren 1990b , and its nutritional contribution is uncertain. The fact that detritus does not produce positive growth in omnivorous fishes has often been interpreted to mean that detritus provides little nutntive value (Ahlgren 1990b). This view assumes that all foods are qualitatively similar. An alternate interpretation would be that detritus is lacking in some essential compounds needed for growth. Some of these nutritional deficiencies could be counteracted if an individual consumed additional food such as invertebrates. Detritus is low in amino acids that are generally important for growth (Bowen 1987 , Ahlgren 1990b .
The mixed diet of limited Artemia and unlimited marine snow was designed to reflect natural conditions, but fish failed to exhibit positive growth on this diet (Table 2) . If natural conditions were reproduced, one would expect to see growth rates similar to those of mullet in the wild, about 2% d-' (calculated from Thomson 1963) . There are several possible explanations for this discrepancy. First, Artemia may not be nutritionally similar to copepods, the most common invertebrate food for juvenile mullet (Pisarevskaya & Aksenova 1991). A second possible explanation is that the experimental situation was not representative of the natural environment. Artemia concentrations were set to the average concentrations of copepods in coastal waters (Fulton 1984) . These figures assume that copepods are uniformly distributed throughout coastal waters. Zooplankton populations are often patchily distributed (Wiebe 1970 , Levin & Segel 1976 , Riley 1976 , and this patchiness may affect feeding success of fish populations (Govoni et al. 1985) . Because manne snow is ubiquitous in coastal regions (Alldredge & Silver 1988) , juvenile mullet might use marine snow to slow weight loss when they are between patches of zooplankton.
A third possible explanation for the poor growth of mullet feeding on marine snow of the mixed diet is that the unlimited marine snow may not have been unlimited in the true sense of the word. There was an average of 292 aggregates per tank. If a fish consumed a mean of 10 aggregates h-' and they consumed at the same rate (even though lt is unlikely) throughout a 24 h period in the growth experiment, it would consume nearly all the aggregates in a tank. If the food quality of marine snow varies from aggregate to aggregate, and mullet can sense these differences, then the marine snow left at the end of a 24 h feeding period may be unpalatable to the mullet. Detritus can contain high quantities of phenolic acids that increase in concentration with age of detritus and may reduce its palatability (Valiela & Reitsma 1984) . Ahlgren (1990b) found that white suckers are capable of evaluating the quality of detritus and selecting the higher quality particles for consumption. Mullet possess taste buds on the pharyngeal filtering apparatus (Hossler & Merchant 1983) , which might be used to select higher quality detritus for consumption. If the quality of marine snow does vary from aggregate to aggregate, and mullet are capable of detecting these differences, then they would presumably stop eating after all palatable aggregates had been consumed and, hence, they may not have been consuming marine snow to satiation.
The poor growth of the mullet fed marine snow in the growth experiments may have been due to stress. There was high mortality of white mullet in feeding trials ( Table 2 ). The experimental conditions of being sealed in a 3 1 Plexiglas tank for 24 h at a time may have increased stress to a level that did not allow some of the fish to survive the 14 d experiment. While there was not a noticeable oxygen depletion in the tanks over a 24 h period, other stressors such as an increase in dissolved nitrogen concentrations were not monitored. Ahlgren (pers. comm.) found white suckers to be stressed after 21 d of growth experiments; however, the suckers were not sealed in the experimental tanks. It is reasonable to assume then that tvhite mullet would be stressed after 14 d of being completely sealed in the experimental tank for 24 h at a time.
The tanks used in this study were 3 1 in size. The small size of the experimental containers could have served to decrease feeding. While the mullet appeared to be feeding at a reasonable level, they might not have fed as much as they would have in the wild. If this were the case, then this would result in lower SGR. Blaxter (1980) suggested that growth of fish in the laboratory depends on available space. Fish in smaller tanks may grow more slowly and be less healthy (Theilacker 1980) . Laboratory rearing has been shown to produce slower growth rates than those reported for wild counterparts (Bailey & Stehr 1986) . These effects may also be an important explanation for the poor growth rates of mullet in this study.
Mullet might not be as efficient as other omnivores at digesting amino acids derived from detritus. The assimilation efficiency of 49.2 % for organic matter of marine snow is within the range of%AE estimates (20 to 7 5 % ) for fish feeding on detritus in their natural habitats (Ahlgren 1989) . The assimilation of amino acids in marine snow by mullet (55.7 %), was lower than estimates for Tilapia sp. (72 %) and for white sucker (68.9%) feeding on detritus (Ahlgren 1989). White suckers (Ahlgren 1990b) also exhibited better growth on detritus (-0.66 % d-') than juvenile striped mullet did on marine snow (-1.34% d-l), which may indicate that mullet process amino acids in detritus less efficiently than do suckers. Juvenile striped mullet also processed organic matter (10%) less efficiently than juvenile white suckers, but amino acids are more important for growth than is total organic matter (Bowen 1987).
Herbivorous animals are able to make changes in their ability to assimilate different materials to compensate for changes in the diet (Prosser & DeVillez 1991) . The fish in this study were maintained in holding tanks for 3 to 14 d prior to the experiments. Because they were maintained on a diet of ground herbivore fish food, they might have been exposed to higher levels of amino acids than encountered in the wild. The mullet may have experienced changes in digestive physiology during the period they were held in the laboratory prior to the beginning of the experiments, which could have resulted in decreased assimilation efficiency and decreased growth on a diet of marine snow.
The stomach contents of juvenile striped mullet collected in the Charleston Harbor estuary looked nearly identical to the stomach contents of mullet fed marine snow in the laboratory. This suggests that the striped mullet from the Charleston harbor were feeding on marine snow. Detrital material from the stomach of juvenile striped mullet collected offshore looked similar to material from stomachs of fish fed marine snow in the laboratory and, hence, may have been feeding on marine snow as well. Invertebrates found in the guts of these mullet (harpacticoid copepods, larval polychaetes, and nematodes) are concentrated on marine snow (Shanks & Edmondson 1990 ). Because such a large percentage of the nematodes in the water column are in marine snow, it is unlikely that a fish could ingest a nematode without actively ingesting marine snow (Shanks & Edmondson 1990 ). Shanks & Edmondson (1990) observed that for an estuarine environment 80% of all nematodes and competent polychaete larvae in the water column were on marine snow. Because the volume of detritus and zooplankton were nearly equal in the stomachs of field-collected juvenile striped mullet, it appears as though they may have been consuming marine snow and invertebrates at similar rates. This study has demonstrated that juvenile mullet actively ingested marine snow in the laboratory. No previous study has documented the consunlption of marine snow by fishes. Gut-content analyses of fieldcaught juvenile mullet suggest that these laboratory experiments have relevance to the natural environment. Consumption of marine snow may prevent weight loss in juvenile mullet, especially when complemented with zooplankton. The assimilation efficiencies of nutrients from marine snow consumed by juvenile mullet were comparable to those found for other fishes feeding on detritus.
